Perceptual learning (PL) has been traditionally thought of as highly specific to stimulus properties, task and retinotopic position. This view is being progressively challenged, with accumulating evidence that learning can generalize (transfer) across various parameters under certain conditions. For example, retinotopic specificity can be diminished when the proportion of easy to hard trials is high, such as when multiple short staircases, instead of a single long one, are used during training. To date, there is a paucity of mechanistic explanations of what conditions affect transfer of learning. Here we present a model based on the popular Integrated Reweighting Theory model of PL but departing from its one-layer architecture by including a novel key feature: dynamic weighting of retinotopic-location-specific vs location-independent representations based on internal performance estimates of these representations. This dynamic weighting is closely related to gating in a mixture-ofexperts architecture. Our dynamic performance-monitoring model (DPMM) unifies a variety of psychophysical data on transfer of PL, such as the short-vs-long staircase effect, as well as several findings from the doubletraining literature. Furthermore, the DPMM makes testable predictions and ultimately helps understand the mechanisms of generalization of PL, with potential applications to vision rehabilitation and enhancement.
Introduction
One of the hallmarks of perceptual learning (PL) is its specificity for various aspects of task and stimulus configuration, such as stimulus orientation or curvature (Ahissar & Hochstein, 1993; Fahle & Morgan, 1996; Fahle, 1997; Poggio, Fahle, & Edelman, 1992; Shiu & Pashler, 1992) , retinotopic position (Karni & Sagi, 1991; Shiu & Pashler, 1992; Schoups, Vogels, & Orban, 1995; Sowden, Rose, & Davies, 2002) and ocularity (Schoups et al., 1995) . Retinotopic specificity has been recently challenged by various experimental approaches. For example, Xiao et al. (2008) employed a novel double-training paradigm, where contrast discrimination was trained, in an interleaved fashion, with an orientation discrimination task at a second location, and found this enabled transfer of learned improvements to the second location. Since then, several studies from this lab have shown that retinotopic specificity can be abolished by various simultaneous or sequential doubletraining procedures (Wang, Zhang, Klein, Levi, & Yu, 2012; Wang, Zhang, Klein, Levi, & Yu, 2014; Zhang et al., 2010) . However, recent findings by Hung and Seitz (2014) suggest that retinotopic specificity depends on the details of the experimental procedure and, for example, on the proportion of hard (e.g. near-threshold) trials during training. In particular, Hung and Seitz (2014) found that if training sessions consist of multiple short staircases (whereby there is a significant proportion of trials well above threshold until the staircase starts to converge) learning can transfer across retinotopic positions. If instead a single long staircase (which contains a higher proportion of perithreshold trials) is used, then retinotopic specificity was observed, even under double training procedures.
From a physiological perspective, there is disagreement as to when and why retinotopic specificity is observed in PL. Classically, such specificity has been attributed to plasticity within early visual cortex (Crist, Kapadia, Westheimer, & Gilbert, 1997; Karni & Sagi, 1991; Poggio et al., 1992) , where retinotopic information is best preserved. This position has found some experimental support by Schoups, Vogels, Qian, and Orban (2001) , who showed modest sharpening of the tuning curves of V1 neurons following PL, and by Yang and Maunsell (2004) , who found a similar tuning curve sharpening in area V4. However, there is mounting evidence of plasticity in higher, non-sensory areas as well. A notable example is the study of Law and Gold (2008) , who found that in a motion direction discrimination task, behavioral improvement correlated with plasticity in neurons in the lateral intraparietal cortex (LIP, a decision area) but not in sensory area MT that
